The dielectric constants of Ni-Cl, Ni-Br, Co-Br and Co-l boracites have each a maximum at a temperature which coincides with that of a phase transformation we have observed optically. Motion of ferroelectric domain walls under an applied electric field has been sought for in Ni-Cl boracite and found to occur at temperatures as far as soo below that of the phase transition.
Introduction
BORACITES are compounds with the composition M3B7013X where M stands for one of the divalent ions Mg, Cr, Mn, Fe, Co, Ni, Cu, Zn, Cd, and X denotes one of the halogens Cl, Br, I. Solid solutions of these compounds exist. We have also indications that boracites may be formed with other divalent ions than those mentioned above and that halogens may be replaced by OH.
Ito and collaboratorsl have determined the crystal structure of the mineral called boracite: Mg3B7013Cl; there exists a piezoelectric, optically isotropic high temperature phase with space-group Tg (F43c) and a pyreelectric, optically anisotropic~ow-tempera ture phase with space group C2v (-Pea).
Boracites have been investigated already for more than one century; recently Le Corre, Jona, and Sonine and Zheludev2 have investigated whether boracites are ferro--electric.
With a view to verifying a working hypothesis on the existence of electric polarization in paramagnetic crystals, we have prepared single crystals of boracites and measured their electric, magnetic and optical properties. Here our principal aim is 45 to report our first findings concerning the dielectric properties of boracites. Other qu,estions will be taken up in subsequent papers.
Dielectric constant   FIG. 1 shows the dielectric constants of the Ni-Cl, Ni-Br, Co-Br, Co-l boracites as a function of temperature. In all these cases we find a maximum of the dielectric constant. The temperature at which the maximum occurs for each of these compounds is indicated in Table 1 . In two cases (Ni-Br, Co-l) we observe a thermal hysteresis. Ni-l boracite was also investigated; the dielectric constant shows no maximum between soo and 5000 K.
Phase transition WE have investigated whether there is a phase transition corresponding to the maximum of the dielectric constant. The phase transition can be observed optically, because the low temperature phase is optically anisotropic, whereas the high temperature phase is not. The temperatures of the phase transition are reported in Table 1 together with data obtained by Heide3 and Jona2.
From this table it may be seen that the maximum of the dielectric constant occurs at the transition between a polar and a non-polar phase.
Domain wall motion
WE have looked for domain wall motion in NiCl boracite under an applied electric field and found this phenomenon in several cases, of which an example is shown in Fig. 2 .
The specimen was prepared as a (111) plate with a surface of about 4 mm2 and a thickness of 0. 22 mm. The wall movement was observed at 52 7 ± 1 o K, i. e. well below the temperature of phase transition (6100 K).
In the photographs one sees essentially three domains that are separated by two (lOO) planes which appear as bands of interference fringes. The angle which these planes make with the free surface (as calculated from the width of the bands and the thickness of the crystal) is, within experimental error, equal to the theoretical value of 54044'.
The direction of polarization is that of The photographs 2a to 2f are given in chronological order. The voltage is applied in the plane of the plate, to its upper and lower edges. The average field strength is indicated, a plus sign meaning that the positive voltage is applied to the lower edge.
Conclusion
WE have shown that Ni-Cl boracite is ferroelectric. Experiments in progress lead us to believe that this is also the case for most of the other boracites.
